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Aim
To investigate BBF exposure and its associated factors among primary HCWs.
Methods
Cross-sectional study among workers from municipal primary health care centres in Florianó polis, Southern Brazil. Workers who belonged to occupational categories that involved BBF exposures during the preceding 12 months were interviewed and included in the data analysis.
Results
A total of 1077 workers participated. The mean incidence rate of occupational BBF exposures was 11.9 per 100 full-time equivalent worker-years (95% confidence interval: 8.4-15.3). The cumulative prevalence was 7% during the 12 months preceding the interview. University-level education, employment as a nurse assistant, dental assistant or dentist, higher workload score, inadequate working conditions, having sustained a previous occupational accident and current smoking were associated with BBF exposures (P # 0.05).
Introduction
Occupational exposures to blood and body fluids (BBF) pose a significant risk to health care workers (HCWs). Hepatitis B virus (HBV), hepatitis C virus (HCV) and human immunodeficiency virus (HIV) account for most cases of occupational infection described in the literature, due to their prevalence in the population and the severity of the infections they cause, but a literature review listed a total of 60 pathogenic species, including viruses, bacteria, parasites and yeasts with documented occupational infections following exposures to BBF [1] . According to the World Health Organization [2] , among the 35 million HCWs worldwide in 2002, 3 million sustained percutaneous exposures to blood-borne pathogens each year. These injuries may result in 70 000 HBV, 15 000 HCV and 500 HIV infections. Worldwide 40% of HBV and HCV infections and 2.5% of HIV infections among HCWs are attributable to occupational percutaneous exposures. More than 90% of these infections occur in developing countries. Despite this, 90% of the reports of occupational infection occur in the USA and Europe.
A large literature review showed that the existing literature on needlestick injury primarily focuses on hospital sites and may not be applicable to other health care settings, such as primary health care centres (PHCCs) [3] . However, these workers are also at risk of infection with blood-borne pathogens because of occupational exposure to BBF and may have inadequate knowledge about the risks to which they are exposed [4, 5] . Furthermore, primary HCWs represent a growing occupational group around the world, requiring specific policies to protect their health. An extensive systematic literature review in 2006 identified four documented cases of occupationally acquired HIV infection [6] .
In Brazil, there are some surveillance systems for occupational exposures to BBF; however, their occurrence is largely underreported. Also, safety devices have not been extensively adopted in the country. In the second half of the 1990s, the Family Health Programme was launched in Brazil. This is an innovative mechanism for extending access to and promoting equity, in health care, which relies on primary health care principles. In this programme, PHCCs are of great importance, as they are located within communities and constitute the basis of the Brazilian National Unified Healthcare System [7] .
Each PHCC has one or more Family Health Programme Teams, which consist of a family physician, a nurse, two nurse assistants and four to six community health agents. The objectives of this study were to describe occupational BBF exposures and to estimate their incidence and cumulative prevalence during a 1-year period among PHCC workers and to identify factors associated with such exposures, including sociodemographical, occupational, behavioural and healthrelated variables.
Methods
This cross-sectional study aimed to investigate all workers from PHCCs from the Municipal Health Department of Florianó polis, capital of the Santa Catarina state, Southern Brazil. There are 49 PHCCs in the city, divided in five Health Districts (Downtown, East, North, South and Continent), in which there were 1332 workers at the time of the study.
Workers from all occupations employed in PHCCs, including nurses, physicians, dentists, other university-level professionals (social workers, speech therapists, psychologists, pharmacists and nutritionists), administrative personnel, receptionists, nurse assistants, dental assistants, cleaning staff, health community agents, security guards and drivers, participated in this study.
The population at risk included not only the personnel involved in direct patient care activities but also those involved in cleaning tasks and anyone with anticipated contact with blood or other body fluids. Since the PHCCs enrolled in this study are usually small facilities which are busy and short staffed and because community work can present unpredictable situations, the potential exists for accidental BBF exposures in virtually all PHCC workers. For the purpose of data analysis, workers belonging to occupational groups in which no occupational BBF exposures were identified were not considered to be at risk and were therefore excluded from the analysis.
Occupational BBF exposure was defined as a percutaneous injury or contact of mucous membrane or nonintact skin with blood, tissue, body fluids containing visible blood or other body fluids that are potentially infectious (including semen, vaginal secretions and saliva) [8] .
Data were collected through standardized questionnaires created for the study and previously tested with HCWs who did not belong to the study population. Questionnaires were administered by trained interviewers. All data were self-reported. Participants were asked if they had sustained any occupational BBF exposure during the 12 months preceding the interview and if so how many times. A separate form was completed to provide details of each BBF exposure.
The independent variables assessed included sociodemographical, occupational, behavioural and healthrelated data ( Figure 1) .
Workload was assessed subjectively with questions about excessive workload, need for sustained attention, fast, repetitive, non-creative, intense or monotonous work. It was considered high when at least four of these factors were present, and low otherwise.
Work environment conditions were assessed subjectively with questions about lighting, climate comfort, ventilation, workplace size, noise levels, cleanliness, furniture comfort, building maintenance and unpleasant smells. A work environment conditions score was thereby created and was considered to be inadequate when at least five adverse features were present, and adequate otherwise. The cut-off point of both scores was determined using factor analysis.
A worker was considered fully vaccinated against hepatitis B after having received at least three doses of the vaccine.
Musculoskeletal symptoms were assessed using the validated Brazilian Portuguese language version of the Nordic Musculoskeletal Questionnaire [9] . For the analyses, musculoskeletal symptoms were dichotomized as experiencing or not experiencing symptoms that impaired daily activities.
Self-rating of health was categorized as excellent, very good, good, fair or poor [10] . For dichotomization ratings of 'fair' and 'poor' were considered to be negative.
Data entry was undertaken using Epidata version 3.1, with double entry and validation. Statistical analyses were conducted with Stata 9.0 software.
The mean crude occupational BBF exposure rates per 100 full-time equivalent (FTE) worker-years for each category were calculated using the number of exposures in the previous 12 months, the number of exposure months and the number of hours worked per week. One FTE worker-year represents work for 40 h per week over a 12-month period. The cumulative prevalence was calculated as the percentage of workers who had reported at least one BBF exposure during the 12 months preceding the interview.
Bivariate analyses were conducted using Poisson regression, taking into account the exposure time. The multivariate analysis, using Poisson regression with robust variance, also included the clustering effect of workers by PHCCs. This analysis was oriented by the hierarchic model shown in Figure 1 , using backwards regression, level by level. Multivariate analysis was conducted in order to estimate the effect of each variable, accounting for the effect of variables that are on the same level or on higher levels in the hierarchic model, that could act as confounders. Variables that presented association with P-values #0.20 were kept in the model, aiming to control for possible confounding. The 95% confidence intervals (CIs) were calculated and associations with P-values #0.05 were considered statistically significant.
The questionnaires did not identify the workers who provided information, ensuring data anonymity. The study was conducted according to the ethical principles embodied in the Declaration of Helsinki and received approval from the Ethics Review Board of the School of Medicine of the Federal University of Pelotas.
Results
A total of 1249 individuals (94% of all PHCC workers in the study area) were interviewed from October to December 2006. The occupational groups of administrative staff (n 5 134), security guards and drivers (n 5 21) and other professionals (social workers, speech therapists, psychologists, pharmacists and nutritionists; n 5 17) were excluded from the analysis as no members of these groups had sustained occupational BBF exposures during the study period. No PHCC workers were absent from work as a result of a BBF exposure during the period of the study. Table 1 presents the absolute and relative frequencies of the variables studied in the sample of 1077 subjects.
The mean age of the workers was 38 (range: 16-73, median 37). Eighty-six per cent were women and 27% had a university degree. The mean employment duration was 70 months (range: 1-372, median 48). The mean incidence rate of occupational BBF exposures was 11.9 per 100 FTE worker-years (95% CI: 8.4-15.3).
The cumulative prevalence of BBF exposures was 7% during the 12 months preceding the interview, with 75 workers sustaining 103 exposures.
The BBF exposure incidents are described on Table 2 . Most BBF exposures (59%) were percutaneous injuries. Of the 61 percutaneous injuries reported, 33 involved an injection needle, 15 a dental instrument, 7 a blood glucose lancet and 6 involved other instruments (suture needles, scissors or clamps). The fingers were the body part most frequently injured (n 5 51), followed by hands (7), feet (2) and forearm (1). The foot injuries are examples of how unpredictable a PHCC environment can be: a housekeeper sustained a foot injury from an injection needle while counting clothes to send to laundry and a nurse assistant accidentally stumbled on a plastic bag in which a blood glucose lancet was incorrectly disposed. The forearm injury was sustained by a dentist who grasped a dental burr while trying to reach an instrument over an instrument tray. Among the mucocutaneous exposures (n 5 42), 21 were eye exposures, 11 were nose or mouth exposures and the remaining 10 were non-intact skin exposures of fingers, hands and face. Blood was the body fluid most frequently involved (n 5 20) in mucocutaneous exposures. Of the 11 BBF exposures that were notified, eight were percutaneous. Table 3 presents the incidence rates of occupational exposures to BBF by 100 FTE worker-years, the cumulative prevalence during the previous year and the crude and adjusted incidence rate ratios (IRR) according to sociodemographical, occupational, behavioural and healthrelated variables. In the crude analysis, a higher incidence of BBF exposure was significantly associated with the following: male sex, university-level education, occupation as nurse assistant, dental assistant or dentist, permanent employment, having other jobs, higher workload score, inadequate working conditions, having reported an occupational accident previously, current smoking, job dissatisfaction, hepatitis B vaccination and experiencing musculoskeletal symptoms. After adjusted analysis, the variables education, occupation, workload score, work environment conditions, previous occupational accident and current smoking remained associated with the outcome.
Discussion
The mean incidence rate of BBF exposures was 11.9 per 100 FTE worker-years at the PHCCs studied. The calculation of BBF exposure incidence rates for specific occupations, devices or procedures can be useful for measuring performance improvement. However, many factors, including the denominator used and improved reporting of injuries, can influence changes in incidence rates, and this measure should be considered as one of many tools available to monitor sharps injury trends within a facility, but should be used with caution for interfacility comparisons [11] .
This study focused on the exposures sustained by workers from PHCCs, a population much less studied than hospital workers [5] , although they work in a distinct and unpredictable environment, which may result in being unable to comply with existing universal precautions guidelines aimed at preventing occupational exposures [12] .
Dement et al. [13] found an overall annual rate of 5.5 BBF exposures/100 FTE worker-years among employees of a tertiary medical centre. Wilkinson et al. [14] found a rate of 8.7/100 person-years among workers from a university health science centre and hospital. Both studies captured BBF exposure events from surveillance systems, so unreported events were not accounted for.
The majority of published information concerning BBF exposures among HCWs comes from case-based surveillance systems and is largely descriptive in nature [4, 15, 16] . Surveillance data estimate the number of exposures that are reported; however, the estimate of greater interest is the actual number of exposures that HCWs sustain [16] . The present study tried to obtain this estimate but as it was based on self-reported data, the incidence of BBF exposures it estimates could potentially be affected by recall bias or underreporting.
In the present study, percutaneous exposures were more frequently reported than mucocutaneous ones, which is in agreement with other studies [4, 13, 15] . The finding that needles were the instrument most frequently involved in percutaneous exposures also agrees with other studies [4, 13, 17] . Almost half of the exposures (44%) occurred during activities such as cleaning instruments and disposal or handling of waste. Inappropriate disposal of sharp items continues to put HCWs at risk, particularly housekeepers, nursing assistants and others not directly involved in the use of such items. One can only speculate as to why such dangerous practices continue in light of increased HCW awareness of the risks to themselves and others associated with blood-borne pathogen exposure. High patient-to-staff ratios and inconvenient placement of sharps disposal containers are two of many possible reasons [17] . Several studies of BBF exposures among HCWs showed that nurses are the most frequently injured occupational category [4, 15, 17] but most of these studies are from hospital environments. At the PHCCs in this study, dentists, dental assistants and nurse assistants had higher incidence rates of BBF exposures than nurses. Dental HCWs are known to be at high risk of occupational exposures. In dentistry, the routine use of sharp instruments in a restricted visual field and the ergonomics associated with the relative positions of patient and dentist may contribute to a relatively high injury rate [18] .
In Brazil, nurses do a lot of managerial work, while nurse assistants are more involved in patient care activities and also have more contact with BBF and sharps instruments. At the PHCCs, tasks that more frequently involve BBF and sharp instruments, such as injections, blood glucose tests and dressings, are performed by nurse assistants, rather than nurses. It seems clear that the incidence of accidents in the different occupational categories is related to the tasks workers perform [4] . The lowest BBF exposure incidence rate was found among community health agents, who undertake home visits to families involving health promotion and education.
As expected, a higher incidence of BBF exposures was found among workers who reported higher workloads and inadequate working conditions. Working conditions can have an impact on health status and physical and mental ability, which can also increase the risk of injury [19] . *P , 0.05, **P , 0.01, ***P , 0.001.
Therefore, improving working conditions may be a key factor in reducing BBF exposures at PHCCs. Previous occupational accident history was a significant predictor of BBF exposure among this study population (adjusted IRR: 2.1; 95% CI: 1.3-3.2). This finding is consistent with studies that demonstrate that workers who have sustained previous injuries have a greater risk of further workplace injury [20] . Therefore, such workers may require particular attention in preventive programmes.
We also observed an association between smoking and BBF exposures, and this has also been observed in relation to other types of occupational accidents [19] . It is known that smoking alters health status and is linked to anxiety disorders, which can lead to lack of concentration on exposure-prone tasks and increase the risk of injuries [19] .
One of our hypotheses was that workers with musculoskeletal symptoms that impaired daily activities could be more prone to occupational accidents, including BBF exposures. We tested this hypothesis and found a statistical association in the crude analysis (IRR: 1.69; 95% CI: 1.13-2.52). However, this association disappeared in the adjusted analysis (IRR: 1.09; 95% CI: 0.67-1.71), probably due to the confounding effect of variables such as age, sex and workload score. Other variables that lost statistical association after adjustment were sex, employment regimen, having other jobs, job satisfaction and hepatitis B vaccination.
The exposure incident notification rate in this study was extremely low at 11%. The reasons for failure to notify incidents were not investigated in this study. However, this may be the result of time constraints, perception of insignificant exposure, lack of knowledge about the notification procedure and concerns about privacy and discrimination [21] . Failure to notify may have serious implications, such as the risk of acquiring blood-borne infections and lack of documentation of contamination incidents for medicolegal and/or compensation purposes [21] .
To prevent transmission of blood-borne pathogens, HCWs must adhere to universal precautions and follow fundamental infection control principles. These principles and practices need to be made explicit in institutional policies and reinforced through in-service education for all HCWs, including those in ambulatory care settings [22] . Some authors recognize that HCWs in primary care are neglected in education about occupational hazards [5] . HCWs need continual education about their risks of acquiring infections, ways to reduce such risks and the benefit of reporting and follow-up of occupational exposures [23] . For the population in this study, the importance of using personal protective equipment during activities such as cleaning instruments and waste disposal or handling and the use of safe waste disposal practices appear to require particular emphasis.
Employers have an important role in exercising concern for the safety of other HCWs, actively monitoring for work-related injuries and BBF exposures and implementing and assessing preventive measures [23] . Surveillance of BBF exposures is a key component of prevention programmes and can help identify personnel, procedures, areas and devices associated with a higher injury risk; aiding the identification of appropriate interventions and evaluating their effectiveness [13] . In light of our findings, we recommend that the Municipal Health Department of Florianó polis implements a surveillance system with mandatory notification of all BBF exposures.
Interventions aiming to reduce BBF exposure incidence among occupations at risk must include improving working conditions at PHCCs, particularly in dental facilities. Changes in work procedures for higher risk tasks should also be implemented. Improved training of workers, improved surveillance for and analysis of injury data and routine use of needle-free and other safer devices are clearly needed to protect workers in a variety of health care settings [24] .
In this context, policies aimed at improving HCWs' safety and health should be urgently implemented in Brazil. 
Key points
• Seven per cent of primary HCWs sustained at least one occupational exposure to BBF in the 12 months preceding interview in this study.
• Factors associated with a higher incidence of exposures to BBF included university-level education, employment as nurse assistants, dental assistants or dentists, higher workload scores, inadequate working conditions, history of previous occupational accident and smoking.
• The results confirm that the incidence of exposures among different occupational categories is related to the particular tasks and roles each occupation is required to perform.
